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@*ﬁ Fundamental Aeronautics Suf

Supersonic Cruise Aircraft High Mass Planetary Entry Systems

Eliminate the efficiency, environmental and Address the critical supersonic deceleration
performance barriers to practical supersonic phase of future large payload Exploration and
cruise vehicles Science Missions



@’ Supersonics Project Technical

The Supersonics technical challenge areas are designed to break the traditional discipline

“stovepipes” and foster innovative solutions “at the seams” between disciplines

« Efficiency Challenges - 30 % Improvement over HSR
— Supersonic Cruise Efficiency
— Light Weight and Durability at High Temperature
Environmental Challenges - No greater impact than subsonic fleet
— Airport Noise: Acceptable levels without weight or performance penalty
— Sonic Boom: Propagation, prediction and design
— High Altitude Emissions: Emissions impact must be minimized or eliminated

Performance Challenges - Safe and comfortable flight for crew and passengers
— Aero-Propulso-Servo-Elastic (APSE) Analysis and Design: Controlling flutter, gust, and maneuver loads in a
manner that is synergistic with the vehicle structural design
Entry Descent and Landing Challenges
— Supersonic Entry Deceleration: Develop tools and technologies to support the design and validation of
exploration systems capable of landing payloads in the 30 metric ton class
System Integration, MDAO Challenges
— Understanding and exploiting the interactions of all these supersonic technology challenges is the key to the
creation of practical designs
Integration of Supersonic Aircraft in NextGen System
— Determine the characteristics for an airspace that enables supersonic aircraft to utilize their full capabilities




Supersonics Project Technical

Deliver Knowledge, Capabilities, and Technologies Ac

Cruise Efficiency
* Tools and technologies for integrated propulsion

and vehicle systems level analysis and design
« High performance propulsion components Airport Noise
« Drag reduction technologies « Improved supersonic jet noise
models validated on innovative
nozzle concepts

Sonic Boom Modeling
+ Realistic propagation models
* Indoor transmission and response models

Aero-Propulso-Servo-Elasticity

 ASE/flight dynamic and propulsion analysis and
design tool development and validation o,

» APSE analysis and design tools -

: : . : High Altitude Emissions
Light Weight and Durability at High . Irr?proved prediction tools
Temperature « Low emissions combustors
« Materials, test and analysis methods for
airframe and engine efficiency, durability
and damage tolerance



Supersonics Project Technical

In partnership with the Hypersonics Project, Lay the Groundwork fo

W

Innovative Concepts
- Integrated elements
- System-level trade studies
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Fluid-Structures Interaction

- Simulation tools for design 1169990
- Flexible membrane structures
- High-speed deployment s
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e
- Analytical tools and methods
- Reaction control systems
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Fluid Dynamics
- Highly unsteady flow
- Turbulence

- Performance




Supersonics Project - Orga
Key

Supersonics Project Leadership Team

Principal Investigator (PI)

Peter Coen

Project Scientist (PS)
Louis Povinelli

Project Manager (PM)
Kestutis Civinskas

Business Support

| Mary Neuzil: Business Team Lead

Julie Fowler: NRA Manager (Acting)

Technical Challenge Working Groups / APIs

Jim DeBonis

Cruise Efficiency - Propulsion

Linda Bangert

Cruise Efficiency - Airframe

Systems Integration & Assessment
Lori Ozoroski & Clayton Meyers

Dale Hopkins

Lightweight & Durable Engines

Phil Bogert

Lightweight & Durable Airframes

Entry, Descent, & Landing
Chuck Player

Airport Noise
James Bridges

Sonic Boom Modeling
Brenda Sullivan

Exp. Validations & Capabilities
Dan Banks

High Altitude Emissions
Dan Bulzan

Walt Silva

Aero-Propulso-Servo-Elasticity

APMs

Clayton Meyers / GRC

David Richwine / LaRC

Don Durston / ARC

Tim Moes / DFRC
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Coen
Civinskas
Povinelli
Richwine
Moes
Durston

Meyers
OzoroskKi
DeBonis
Bangert
Bogert
Hopkins
Bridges
Sullivan
Bulzan
Silva
Banks
Player

Project C

First Name Email Phone Role
Peter peter.g.coen@nasa.gov 757-864-5991  PI

Kaz Kestutis Civinskas 216-433-5890 PM

Lou louis.a.povinelli@nasa.gov 216-433-5818 PS

David david.m.richwine@nasa.gov 757-864-4533 APM
Tim timothy.r.moes@nasa.gov 661-276-3054 APM

Don Don.Durston@nasa.gov 650-604-1515 APM

APIs:

Clayton clayton.l.meyers@nasa.gov 216-433-3882 2. SIAV / APM
Lori |.p.ozoroski@larc.nasa.gov 757-864-5992 2. SIAV
Jim james.r.debonis@nasa.gov 216-433-6581 3. SCE-P
Linda linda.s.bangert@nasa.gov 757-864-3022 4. SCE-A
Phil philip.b.bogert@nasa.gov 757-864-3188 5. LDA
Dale dale.a.hopkins@nasa.gov 216-433-3260 6. LDE
James james.e.bridges@nasa.gov 216-433-2693 7. AN
Brenda brenda.m.sullivan@nasa.gov 757-864-3585 8. SBM
Dan Dan.L.Bulzan@nasa.gov 216-433-5848 9. HAE
Walt walter.a.silva@nasa.gov 757-864-2834 10. APSE
Dan dan.banks@dfrc.nasa.gov 661-276-2921 11. EC
Chuck charles.j.player@nasa.gov 757-864-7785 12. EDL
Key:

Principal Investigator (Pl), Project Manager (PM), Project Scientist (PS)
Associate Principal Investigator (API); Associate Project Manager (APM)

CoNOGO AWM

10 Aero-Propulso-Servo-Elasticity (APSE)
11. Experimental Capabilities (EC)

12. Planetary Entry, Descent, and Landing (EDL)

System Integration, Assessment & Validation (SIAV)
Supersonic Cruise Efficiency- Propulsion (SCE-P)
Supersonics Cruise Efficiency- Airframe (SCE-A)
Lightweight and Durable Airframes (LDA)
Lightweight and Durable Engines (LDE)
Airport Noise (AN)

Sonic Boom Modeling (SBM)

High Altitude Emissions (HAE)
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Original Grid

Final Grid
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Improved CFD Techniques for Prediction of Sonic
Boom and Cruise Efficiency

Improved techniques for off body flow field pressure
measurement demonstrated in 9x7 UPWT tunnel



FY2008 Highlig

Low-Boom Inlet Development Enabled Through Micro Ramp Flow Control

w, (m/s?)

200000
s0o00

120000
0000
40000
o
40000
0000
120000

160000
=200000

(= - o
I T T T T T T T T T
0.02 0.01 o -0.01 -0.02
z(m)

Large-Eddy Simulation, NRA U. lllinois

% Lo
{7 57
L7
~
7.500 "
30000 " 20w
Ars 32500 " * 1.5000

C: Pjet/Po

35.000  1.0000

Design of Experiments Optimization Large-Scale Inlet Design, NRA U. Ill & Gulfstream



FY 2008 Highlights: Exp:

Developed and flight validated improved digital
infrared research system on F-15B
« New IR camera and digital recorder
 For use on large Reynolds number
supersonic transition test in FY2009
 Early data on leading edge sensitivity

Relative
Temp

"
A

N

Transition

Front <« o

False color digital IR image, M~1.72




FY 2008 Highlights: Son

Goals for 2009: indoor sonic boom simulator up and running.
Validated low frequency building response/transmission model y
Updated boom propagation code

Completed design of sonic boom simulator
for studying human response to booms
heard indoors. Construction scheduled to
be complete in February 2009.

NRA with VPI studying response of
structures to sonic boom-type stimuli using
linear charge



@’ FY 2008 Highlights

2nd Open-Loop Test Completed

.........

.......
Bal ASERF I |

“
\d/

w 200 - el T
3 r
E L
g s F
E100 y i
EOf Q00 g .
o 80
£l [0 Y E i
] 13
g & [T

40 o g

L "
201 7 T
L]

Ve | | | |
1
%.O 01020304 0506070809101112131.

Test Conditions

. AeroPror

CFD and Engine Models Underway

Surtace Prassura Coefficient, Inviscid 54T Solution
M, = 0.80, &= 3

5 3 s 1
Flap deflection, degrees

Data from run 46: 49

- " - - SR P e . . - " 1

= |

i |
2

. _‘i.!,-:'!ﬁil.:li:li;;' 2 {

Actuator Responses

CFD Results

y RN 2 g o L]
@ *
. E a .o
Control Effectiveness gl
R — | #  TEOORO1O
Ballasted Mach # = 0.95 : q f 22 v : ﬁ::.'i.su.
3 =50 .
———-q=62 + 5 6
Angle of Attack

Dynamic Engin

. -J.'

<<<<<




01600

Coefficient, Cp

Drag

FY 2008 Highlights:

000010 Flexible tension shell

Rigid aeroshell

Rigid or inflatable
torus
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( Extensive Wind Tunnel tests of
R | | ' E Tension Cone Decelerator,

1
Angle of Attack (deg)

Experimental and Analytical
Assessment of Performance

including inflation
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Demonstrate feasibility for producing
supersonic CMC turbine blades, 3D
reinforced with SiC fibers

Curvilinear Spars
and Ribs (SpaRibs)

b e

Highlights: Lightweight and D
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Final failure load
(measured ) = 46.3 kips
(predicted ) = 43.7 kips

Self-Similar Crack

2D PFA under predicted
final failure load.

3D-PFA required to
predict final failure load.

Combined Material/structures solution for curvilinear stiffeners enables control of buckling.
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Technical Challenge

NRA Awards

Educational Institutions| Commercial Entities

Systems Integration & Assessment

N
(0))

Cruise Efficiency - Propulsion

Cruise Efficiency - Airframe

Lightweight & Durable Airframes

Lightweight & Durable Engines

Airport Noise

Sonic Boom Modeling

High Altitude Emissions

Aero-Propulso-Servo-Elasticity

Experimental Validations & Capabilties

Entry, Decent, & Landing

Total Awards
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Total: 65 NRA Awards - $32.3M




Gulfstream Aerospace
— Tool development and validation for integrated low boom/low drag aircraft design
— External Vision System requirements validation

Aerion Corporation

— Supersonic Boundary layer transition prediction and validation using the CLIP test fixture on
F15B

U.S. Air Force
— Propulsion cycle study and optimization for mixed mission variable cycle engines
— Micro ramp flow control
DARPA Supersonic Obligue Flying Wing (through August 2008)
— Technical analysis and guidance as members of Government Team
General Electric
— Low emissions combustor testing We welcome discussion
Rolls Royce North America on Future Partnerships
— Ceramic propulsion components
Japan Aerospace Exploration Agency
— Modeling of sonic boom transmission and indoor exposure



Tuesday PM

— Systems Integration, Assessment and
Validation

— Aero-Propulso-Servo-Elasticity

Tuesday PM (Parallel Session)
— N+3 Concept Studies Kick off
(Supersonics @ 4:00pm)
Wednesday AM
— Light Weight and Durable Airframes &
Engines
— Airport Noise
Wednesday AM (Parallel Session)
— Sonic Boom Prediction Workshop

Supersonic Te

« Wednesday PM

— Airport Noise (cont'd)
— High Altitude Emissions
— Sonic Boom Modeling

« Thursday AM

— Entry Descent and Landing
(Joint session with Hypersonics)

« Thursday PM

— Feedback Session (Open forum
30 minutes)

— Supersonic Cruise Efficiency -
Propulsion & Airframe

— Experimental Capabilities



Thank You,
Welcome to the 2008 Fundamental Aeronautics Annual Meeting

Next Speaker:
Dr. Jim Pittman: Principal Investigator, Hypersonics
Project
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